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INTRODUCTION
– Lignocellulosic biomass is a very attractive candidate for 
green energy carriers, chemicals and materials.
– Cheap and efficient fractionation technology to separate 
biomass into its main constituents is highly desirable.
– A biorefinery approach in which the fractionation is 
integrated with subsequent processing steps, offers the best 
solution for a cost-effective and environmentally sound 
valorisation of biomass.
OBJECTIVE
– Proof of principle of a hybrid staged thermolysis approach 
for the production of furfural and levoglucosan from biomass.


































Thermal degradation mechanisms of hemicellulose and  cellulose 
Hemicellulose
Depolymerisation: 
trans-glycosylation but also 
random (radical) thermal cracking, 
dehydrogenation, decarboxylation, 
decarbonylation and various other 
reactions!








































































Argon and/or nitrogen 
fluidisation gas
Heater
Tar sampling system consisting of 6 
isopropanol filled impinger bottles, 






(hot compressed water treatment)
Stage 2: fast pyrolysis in a 
bubbling fluidised bed
Beech, direct pyrolysis of unmodified and 




































Aquathermolysis – pyrolysis vs 
direct pyrolysis for beech, 
showing the much better yields 
and selectivities of the hybrid 
approach. 
M = methanol, 
Ac = acetic acid, 
HA = hydroxyacetaldehyde, 

















Beech, aquathermolysis of unmodified 



















F = furfural, 
HMF = hydroxymethylfurfural, 
LG = levoglucosan, 
PH = phenols
Experiments with poplar, spruce 
and straw show similar results.
13C-SS-CP/MAS NMR STUDY ON BEECH
fresh dried beech
hemicellulose C 6
lignin C 4 etherified
aquathermolysed beech
pyrolysed residue from the 
aquathermolysis of beech
hemicellulose acetyl –CH 3hemicellulose C 1hemicellulose acetyl carboxyl
lignin C 4 unetherified
CONCLUSIONS 13C-SS-CP/MAS NMR STUDY ON BEECH
CONCLUSIONS
– Proof of principle of the production of furfurals and levoglucosan 
from lignocellulosic biomass via a hybrid staged thermolysis 
approach has been delivered for deciduous (beech), coniferous 
(spruce) and herbaceous (straw) biomass types.
– Results indicate yields around 7 wt% (d.b.) for furfurals and 11 
wt% (d.b.) for levoglucosan with ample potential for optimisation.
– Challenges are process integration and efficient separation / 
purification of the target chemicals from the dilute raw product 
mixtures.
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